Oxygen is necessary for all aerobic life, and nothing is more important in respiratory care than its proper understanding, assessment, and administration. By the early 1970s P aO 2 had become the gold standard for clinically assessing oxygenation in the body. Since the 1980s the measurement of arterial oxygen saturation by pulse oximetry has also been increasingly used as an adjunct to (but not a replacement for) P aO 2 . Despite the desirability of measuring tissue oxygenation directly, no reliable and clinically relevant such measure has emerged. The 2 areas in which oxygen has proven most important in respiratory care are long-term oxygen therapy (LTOT) and the management of potentially life-threatening hypoxemia in acute respiratory failure. That LTOT improves survival in appropriately selected patients with COPD was demonstrated by multicenter studies published more than 30 years ago, and their original selection criteria have so far not been improved upon. Severe hypoxemia in acute lung injury and ARDS can be improved by ventilation with PEEP, and also in many patients by various adjunctive techniques and alternative support strategies. However, the latter measures have not brought clear improvements in survival or other patient-relevant outcomes. In addition, the original goals of "normalizing" arterial oxygenation with high tidal volumes and lung-distending pressures have required modification as appreciation for ventilatorrelated lung injury has emerged. High concentrations of inspired oxygen may play a role in such injury, but aggressive measures to reduce them in order to avoid oxygen toxicity-which dominated ventilator management in previous decades-have been tempered in the present era of lungprotective ventilation. Although some additions and modifications have emerged, much of what we understand today about oxygen in respiratory care is owed to the pioneering work of Thomas L Petty more than 40 years ago.
Introduction
Oxygen is a central focus of respiratory care, whether the latter term is used in reference to a subject area, a specific healthcare profession, or RESPIRATORY CARE, the journal. 1 Its importance for the Journal is illustrated not only by the large numbers of original research papers and OPEN FORUM abstracts involving oxygen in its pages, but also by the prominence of the topic in its conference proceedings and other special issues. The first 12 RESPIRATORY CARE Journal conferences all dealt prominently with aspects of the measurement and clinical use of oxygen. A 1983 special issue was devoted exclusively to long-term oxygen therapy (LTOT), 2 and a decade later the 12th Journal conference was entirely about oxygenation in the critically ill patient. 3 The topic of the 24th conference was once again LTOT, 4 and now, fittingly, this 50th conference in the series addresses a full spectrum of scientific, clinical, and technological aspects of oxygen. 5 I had the privilege of chairing the first Journal conference, 6 as well as the postgraduate course from which the 1983 special issue was developed. 7 I also served as cochair of each of the previous Journal conferences dealing entirely with oxygen. 8, 9 The effects, assessment, and treatment of hypoxia have been a central interest throughout my career, and I published my first article relating to this topic 40 years ago-in this journal. 10 I was therefore especially pleased to be invited to attend this conference, and to have the opportunity to contribute this commentary to its proceedings.
Respiratory care has changed a great deal since I began my pulmonary fellowship in 1972. A clinician from that day who was abruptly transported to an up-to-date ICU, bronchoscopy suite, or sleep laboratory of today would surely experience disorientation in the face of all the new apparatus, terminology, variables, and interventions. It would seem a completely new world-and it is. Yet how much of its newness would represent genuine progress where the care of sick patients is concerned, and how much would just look new and different? In this commentary I will examine what has happened with respect to oxygen over the last 40 The history of oxygen and the genesis of our understanding of its importance and use are nicely summarized by John Heffner elsewhere in this issue. 11 Here, I will deal with developments of the last 40 years from a personal perspective, having been fortunate enough to be an active participant in the field during this time and to know some of its most important players. This is not a rigorous review but rather a view through the considerable filters of my teachers, colleagues, patients, and experiences with oxygen. Four general areas seem to me to be most important: the assessment and monitoring of oxygen in the body, particularly as this affects patients with respiratory disease; long-term oxygen therapy; oxygenation in the critically ill patient; and adverse effects of oxygen administration. Before I get to those things, however, I want to return briefly to the question alluded to above: How much of what we have and what we know about oxygen today is really new, and how much has actually been there all along but imperfectly understood or appreciated?
Tom Petty Showed Us the Way
It was my extraordinarily good fortune to finish my medicine residency and do my fellowship at the University of Colorado in Denver. There I had the opportunity to learn pulmonary and critical care medicine from Thomas L Petty MD (1932 MD ( -2009 ), one of the field's true giants worldwide. 12, 13 It is tempting to say that Tom Petty had figured out everything that was really important about oxygen by the time I arrived. This would of course be a gross exaggeration, but I will explain why I think it is mostly true.
In July 1972, when I started as his fellow at Colorado General Hospital, Dr Petty had just reached the age of 40 and been appointed head of the pulmonary division. By that time he had already established one of the world's first intensive respiratory care units, set up one of the initial pulmonary rehabilitation programs anywhere, demonstrated the benefits of LTOT on survival and quality of life in COPD, described and named the adult respiratory distress syndrome (now the acute respiratory distress syndrome, ARDS), and shown how the application of PEEP could alleviate life-threatening hypoxemia in that condition. Forty years ago, Tom Petty had already placed his personal stamp on the field, and his contributions would only increase in the succeeding decades-including in part (but only in part) his authorship of 800 papers, 30 books, and hundreds of book chapters and editorials. 12 Dr Petty's importance to respiratory care-and to the subject of oxygen-derives prominently from 5 attributes. First, he devoted his energies not to theoretical concepts or rare diseases but to bread-and-butter conditions like COPD and acute respiratory failure that affected large numbers of patients and that clinicians had to contend with on an everyday basis. Second, he emphasized the importance of basing management on the disordered physiology manifested by patients with respiratory disease. Third, and especially important for respiratory care, he stressed that to manage these conditions optimally required a multidisciplinary, collaborative approach. In his 1971 book, Intensive and Rehabilitative Respiratory Care, he wrote, The development of an organized team-approach for management of patients with acute respiratory failure has been a major advance of today's medicine and has provided the arena for systematic physiologically oriented care. The disciplines of internal medicine, surgery, anesthesiology, nursing care, inhalation therapy, and physical medicine and rehabilitation all come to bear on problems presented by each individual case. 14, page v The fourth thing that set Tom Petty apart was his dedication to "taking the message to the trenches." He was an education entrepreneur. By the time I arrived in Colorado he had met and personally interacted with virtually every primary care provider in the state, as well as many of its nurses and respiratory therapists. He and his respiratory care team trained hundreds of physicians and nonphysicians, both in their Denver-based courses on the practical management of respiratory problems and in dozens of visits to community hospitals and clinics throughout Colorado. [15] [16] [17] As he stated in the preface to his first book, "The major aim of this book is to show how respiratory failure may be efficiently managed in general hospitals and how practical care can be applied at the bedside." 14, page vi These efforts increased general awareness of spirometry, arterial blood gases (ABGs), physiologically based oxygen therapy, and recognition of acute respiratory failure-all of which were new to practitioners in the late 1960s-and it helped to put Denver on the map as an international center for pulmonary and critical care medicine.
Finally, perhaps like no one else, Dr Petty realized the critical importance of industry in respiratory care. More than in most other healthcare fields, the development, evaluation, and introduction of medical devices and other commercial products are central and inextricable components of the optimal evaluation and management of patients with disorders affecting the respiratory system. Rather than assuming an adversarial posture with respect to interactions between commercial interests and those of clinicians and their patients, Dr Petty worked with engineers and manufacturers as colleagues with common goals. This led to numerous innovations in oxygen therapy and mechanical ventilation as well as to enduring links among professional groups, industry, and regulators that addressed practical issues affecting patients with lung disease.
In discussing different aspects of oxygen in the following sections, I will allude to ways in which these 5 attributes contributed to Tom Petty's enormous impact on the field. I will also point out ways in which what he taught us 40 years ago contained the essence of what we know today about oxygen.
Measuring and Monitoring Oxygen in the Body
The modern era with respect to oxygen began when it became possible to measure oxygen tension in the blood. Symptoms and physical signs are notoriously inaccurateand often misleading-in detecting the presence of hypoxemia and gauging its severity. An electrode for measuring P O 2 had been introduced in 1954 by Leland Clark, 18 but a decade later this was still mainly found in physiology laboratories. As a medical resident in 1960, Tom Petty had a patient whose elevated hematocrit had been ascribed to polycythemia vera. Suspecting that it was actually secondary erythrocytosis in response to chronic hypoxemia, Petty confirmed this by drawing a blood sample from the patient's radial artery and measuring the P O 2 with a Clark electrode. Although it correctly diagnosed his patient's problem, this "extreme" intervention got Tom Petty suspended from his residency. 12 Although he was later reinstated, this episode illustrates the state of pulmonary medicine at the time, and makes it easier to appreciate how the subsequent widespread availability of ABGs revolutionized respiratory care. 11, 19 By 1972, P aO 2 was accepted as the gold standard for assessing the state of oxygenation in the body. It was used to diagnose acute respiratory failure and to direct mechanical ventilation in the ICU, and was becoming more widely used in COPD to guide LTOT. 14 Although not available in every hospital's clinical laboratory, ABGs could be obtained in pulmonary function laboratories and in many ICUs. Measurement of P aO 2 still required an arterial puncture, however, and there was great interest in developing noninvasive techniques for assessing oxygenation in the body.
The Hewlett-Packard ear oximeter, introduced in the mid-1970s, was the first practical noninvasive oxygenation monitor. 20 Although valuable for exercise testing and research applications, it was bulky, heavy, and illsuited for everyday clinical use. Other, somewhat less cumbersome ear oximeters became available, but the big breakthrough was the introduction of pulse oximetry in 1983. This ushered in a new era in oxygenation monitoring, 19 and oxyhemoglobin saturation measured by pulse oximetry (S pO 2 ) was soon hailed as "the 5th vital sign." 21 Ubiquitous now in all healthcare settings, at least in this country, pulse oximeters have now spread into the public domain, where one may buy a fingertip model on the Internet for as little as $20. The use of pulse oximetry by the lay public-in athletics, travel, and other non-medical, "lifestyle" applications-crosses into murky territory with respect to legality, because the Food and Drug Administration still technically regards oximeters as medical devices to be dispensed only on prescription by a licensed physician. However, there is no question that this technology has revolutionized the assessment of oxygenation in the body, not least in the management of patients with respiratory disease.
The ability to assess oxygenation frequently or continuously has its problems, however, particularly in acutely ill patients. 19 In the current, intensively monitored environment of the ICU, changes in the variables being monitored often trigger new tests or alterations in management, even when bedside assessment does not suggest an acute deterioration. This was brought home 30 years ago in a study of ABG variability in 29 intubated ICU patients who were ill enough to have an arterial line but clinically stable at the time of assessment. 22 With no alterations in position or other interventions, the mean range of P aO 2 values in these patients, in 6 samples drawn over 50 min, was 16 Ϯ 11 mm Hg (7 Ϯ 8%), with individual patients varying up to 45 mm Hg. 22 Some of these variations, which presumably reflect "normal" physiologic variation in patients with acute illness, rather than changes in clinical status, would have precipitated changes in management according to current protocols. A subsequent study incorporating pulse oximetry as well as ABGs 23 corroborated these findings and emphasized the pitfalls of using oxygenation data in isolation for making clinical decisions.
Of course, neither P aO 2 nor S pO 2 completely evaluates the status of oxygenation in the body. As Petty stated in 1971, "The rational use of oxygen in acute respiratory failure demands an understanding of tissue oxygen transport, which is a function of cardiac output and oxygen content." 14, page 31 What we would really like to measure is oxygenation at the tissue level. However, although interest continues in this area, 24 the monitoring of P O 2 or other oxygenation variables in various tissues has yet to attain a level of clinical accuracy and reliability to be useful in routine care, particularly in critically ill patients. 19 
Long-Term Oxygen Therapy
Along with a handful of other clinician-investigators in the United States and the United Kingdom, Tom Petty began treating patients with severe COPD and chronic hypoxemia with oxygen at home in the mid-1960s. 25 In 6 patients, he and his colleagues demonstrated that LTOT could reduce pulmonary artery pressures and secondary polycythemia. 26 He added ambulatory oxygen therapy to domiciliary administration, 27 and became a fervent advocate for this approach to achieving true continuous oxygen therapy long-term. Subsequently, he showed improved survival in patients given LTOT, compared to historical controls with equivalent disease severity. 28 That survival among patients with COPD and chronic hypoxemia could be increased by LTOT was subsequently demonstrated convincingly by the multicenter Nocturnal Oxygen Therapy Trial (NOTT) 29 and the similar trial conducted by the Medical Research Council (MRC) in the United Kingdom. 30 The patients in these studies had P aO 2 values of 55 mm Hg or less breathing air while clinically stable; in the NOTT patients were also enrolled who had values of 55-59 mm Hg if they had evidence of end-organ effects (right heart dysfunction or polycythemia) from chronic hypoxemia. Taken together, the NOTT and MRC trials showed that survival could be increased by LTOT used at least 12-15 h/d, and that more hours of daily use produced an incremental survival benefit. 11 The NOTT and MRC studies got it right in terms of P aO 2 selection criteria, and with good physiologic justification.
At normal pH, hemoglobin's oxygen carrying capacity falls off progressively once P aO 2 drops below the "shoulder" of the oxyhemoglobin saturation curve, at 55-59 mm Hg. To date no study of similar patients with P aO 2 values of 60 mm Hg or more has shown a survival benefit from LTOT, although only one such trial of strong design has been reported. 31 The multicenter Long-Term Oxygen Therapy Trial (LOTT), intended to address this issue, 32 has been underway for several years, but at the time of writing is still enrolling patients. Although LTOT is reimbursed and widely prescribed for patients who reach the hypoxemia threshold only during exercise or when asleep, so far there is no evidence from properly conducted studies that this increases survival. 11, 32 Thus, what we know about the selection of patients for LTOT we mainly learned over 30 years ago from the NOTT.
A funny thing happened on the way to the Medicare reimbursement criteria for LTOT: S pO 2 became an alternative for P aO 2 . I have not been able to find out how this happened, but it is probably an interesting story. At the time the Medicare LTOT reimbursement guidelines were first released in 1985, 33 all research on LTOT had used P aO 2 exclusively, and no guideline or other leading published source on patient selection criteria 34 -36 had even mentioned saturation as a potential alternative. As stated earlier, the first pulse oximeters were marketed in 1983; the first advertisement I can find in this Journal appeared in November of that year. Yet little more than a year later the Health Care Financing Administration (now the Centers for Medicare and Medicaid Services) made an S pO 2 of 85% an equivalent qualifying criterion to a P aO 2 of 55 mm Hg, 33 and it became the law of the land.
The 85% S pO 2 threshold proved to be a problem. At pH 7.40 and P aO 2 55 mm Hg, oxyhemoglobin saturation is closer to 88% than 85%. A consensus conference convened by Dr Petty that included leading clinicians as well as representatives from industry and other interested parties, urged that the threshold criterion be increased to 88%. 37 Shortly thereafter, Carlin and colleagues confirmed the appropriateness of this recommendation by showing that, among 55 chronically hypoxemic patients, 80% of those who met the P aO 2 criterion of 55 mm Hg or less had S pO 2 values exceeding 85%. 38 The Medicare saturation threshold was subsequently raised to 88%. 39 Oxygen for LTOT can come from compressed-gas cylinders, liquid oxygen reservoirs, or oxygen concentrators. The last of these has proven to be the most cost-effective and is now most often used worldwide. After several decades of stagnation, the introduction of new devices for delivering oxygen at home has accelerated during the last decade, and there are now many options, particularly for ambulatory oxygen delivery. The balance between reimbursement under current Medicare regulations (which essentially determines what private insurers and other payers will pay) and the industry's response still largely determines the individual patient's experience with LTOT.
Extrapolations from the NOTT data suggest that, if a patient with COPD were begun on LTOT as soon as chronic hypoxemia criteria were met, his or her increased survival should amount to several years. However, as brought out during the discussion at this conference, 40 the best data we have indicate that the average Medicare patient who receives LTOT stays on it for less than a year prior to death. This illustrates a big gap between what we know and what we do with respect to patient selection for and follow-up on this life-extending therapy. 41 
Oxygenation in the Critically Ill Patient
Here Tom Petty's impact has been at least as great as with LTOT. His initial description of ARDS, with surgeon David Ashbaugh and 2 pulmonary fellows, 42 remains uncannily accurate in terms of our present understanding of the syndrome, and has been cited over 1,500 times in other publications, according to the Web of Science. 43 As new faculty members at the University of Colorado in 1964, Petty and Ashbaugh had one patient with multiple trauma, and a second with hemorrhagic pancreatitis, both of whom developed respiratory distress, severe hypoxemia, bilateral pulmonary infiltrates, and stiff lungs that could not be adequately supported with the usual pressure-targeted ventilators. Retrieving an unused 1954 Engstrom volume ventilator from storage, they showed that both patients could be adequately ventilated and that their hypoxemia improved on the addition of PEEP. 44 Although both of these initial patients died, over the next year several others with similar presentation survived with volume ventilation and PEEP. The similarity of the lungs of these patients to those of infants with (infant) respiratory distress syndrome prompted Petty and Ashbaugh to name their patients' illness the adult respiratory distress syndrome. 42, 44 Based largely on the experience reported by Petty and colleagues, volume ventilation with PEEP became the primary approach to the management of patients with ARDS. [45] [46] [47] Ventilation, F IO 2 , and PEEP were adjusted to keep ABG values as close to normal as possible. A few years previously it had been shown that, in anesthetized patients with normal lungs, larger-than-physiologic tidal volumes ameliorated the microatelectasis and elevated alveolar-to-arterial P O 2 difference that would otherwise develop. 48 This finding was applied to patients with acute respiratory failure, and large-tidal-volume ventilation became the standard of ICU management. Thus, ventilator management in ARDS during the 1970s and 1980s typically employed tidal volumes of 10 -15 mL/kg (or more), and as much PEEP as was required to permit the F IO 2 to be decreased to a "safe" level. Minute ventilations exceeding 20 L/min and PEEP levels of 15-20 cm H 2 O or higher were commonplace in many units during this time.
But what was a "safe" F IO 2 , above which more PEEP needed to be employed in an attempt to reduce it? Individual clinicians varied a lot in their approaches to this question. In 1993, the American College of Chest Physicians convened an international consensus conference on mechanical ventilation. 49 Numerous areas of consensus were reached with respect to managing patients with acute respiratory failure. However, despite repeated attempts and different ways of posing the question, it was not possible for the 15 participants to agree-even in general terms-on what the minimum F IO 2 was that could be tolerated for 24 hours or more. Some would accept the use of 100% oxygen for up to 24 hours if necessary to adequately oxygenate the blood, or 70% for up to 3 days. Others were adamant about the need for active measures to get the F IO 2 down to 0.5 or even 0.4 within 24 hours if this were at all possible.
The last 4 decades have seen the introduction of literally dozens of new approaches to and modes of mechanical ventilation, as well as numerous adjunctive measures, for managing patients with acute respiratory failure. Of the hundreds of publications generated by these "innovations," one stands out as describing the most important genuine advance in mechanical ventilation-perhaps ever. This is the report of the ARDS Network's study demonstrating that "lung-protective ventilation" with lower tidal volumes and airway pressures than previously used substantially improved survival in patients with acute lung injury and ARDS. 50 Although the use of PEEP is clearly life-saving in ARDS, as demonstrated by Petty, it is now also clear that patient survival can be affected adversely by other aspects of ventilatory support as practiced in the years following his initial publications.
Although ARDS is defined in part by hypoxemia, relatively few patients die of refractory gas-exchange failure. 51 Still, some do. Critical hypoxemia may be thought of as a situation in which hypoxemia per se threatens the life of a patient regardless of the nature of the illness causing it. However, in a practical sense, critical hypoxemia can be thought of as that degree of oxygenation impairment that prompts the clinician to "do something more" than is already being done, or to switch to a different management approach, in an attempt to raise the P aO 2 . Just as individual clinicians vary in their application of this concept, they also vary in choosing from among the numerous interventions and management approaches currently available. [52] [53] [54] [55] [56] In thinking about oxygenation in the critically ill patient, it seems intuitive that improving oxygenation would correspondingly improve the outcome. However, it turns out that this is not necessarily the case. Of the numerous ventilatory and non-ventilatory interventions invoked in managing refractory hypoxemia, 52-56 all of which improve arterial oxygenation in at least some patients, none has been clearly shown to improve survival or other outcomes that would matter to patients or their families, compared to conventional lung-protective ventilation. In fact, some measures that make arterial oxygenation better actually worsen survival, as was shown by the large-tidal-volume, higherpressure group in the original ARDS Network trial. 50 
Adverse Effects of Oxygen
The proper use of oxygen in clinical medicine demands precision of administration and careful monitoring so that tissue oxygen transport is adequately maintained without harmful effects from imprecise and excessive use. 14, page 31 Concern about these "harmful effects from imprecise and excessive use" has driven much of the history of oxygen use over the last 40 years. In my opinion, the level of concern has far outweighed the actual risk, with both lowflow home use and oxygen administration to critically ill patients in the ICU.
Fear of CO 2 retention was a major impediment to widespread adoption of LTOT in the 1960s and 1970s. It was thought that patients with COPD and chronic hypoxemia had lost their hypercapnic respiratory drive and were thus dependent on hypoxemia for continued ventilation, such that relieving this stimulus to breathe would result in hypoventilation, perhaps fatally. Patients with exacerbations of severe COPD, particularly those with chronic hypercapnia, typically do become more hypercapnic when acute hypoxemia is relieved, particularly when oxygen administration is excessive. However, this is predominantly a phenomenon of acute-on-chronic ventilatory failure, rather than stable COPD, and can almost always be avoided if P aO 2 is not raised acutely above 60 -65 mm Hg.
In the 1970s it was shown that COPD patients with stable chronic hypercapnia and hypoxemia who were given low-flow oxygen sufficient to increase P aO 2 into this range, and no higher, did not experience CO 2 retention sufficient to cause a clinically relevant decrease in arterial pH. 57 The mechanism for CO 2 retention in this setting has long been debated. It is almost certainly not due to suppression of hypoxic ventilatory drive-at least entirely-and ventilation-perfusion abnormalities likely contribute substantially. 58, 59 The possibility that low-flow supplemental oxygen therapy might be capable of causing parenchymal oxygen toxicity was raised by Dr Petty and his colleagues in an autopsy study showing suspicious histological changes in the lungs of patients treated for several years with LTOT. 60 These changes had not been observed in patients dying with COPD who had not received LTOT. Although similar findings were published by another group, 61 nothing further has since appeared, and the notion of oxygen toxicity from LTOT is seldom mentioned today.
Home oxygen therapy can cause nasal drying and nosebleeds, and contact dermatitis from nasal cannulae has been reported. 62, 63 However, the most serious medical problem associated with LTOT is cutaneous burns related to oxygen use while smoking. Although oxygen does not explode, as sometimes claimed in the media, it does facilitate combustion, and may contribute both to serious injury and to property damage. 64 It seems to me, though, that the most important adverse effects related to LTOT are failure of patients' physicians to prescribe it when indicated, lack of access because of insurance or provider issues, and failure of patients to use it as prescribed. These problems likely result in far more morbidity and mortality than any hazards of the oxygen itself.
The earlier discussion of disagreement among leading experts about what constituted a "safe" F IO 2 in managing a patient with acute respiratory failure was about concern for pulmonary oxygen toxicity. Necessary to sustain aerobic life, oxygen can also kill, as experiments with animals showed many years ago. 65, 66 Evidence for airway and parenchymal injury becomes evident after only a few hours in normal humans exposed to 100% oxygen. 66, 67 Parenchymal oxygen toxicity in experimental animals has histological characteristics similar to those of ARDS, making recognition of oxygen-induced injury difficult in critically ill patients. Decades ago this knowledge set the stage for controversy as to the risk of oxygen toxicity from the clinical use of oxygen in high concentrations, and this controversy has continued.
The desire to avoid oxygen toxicity was a main driver for the use of high levels of PEEP in the 1970s and 1980s. Higher levels of PEEP, with their greater risk for hemodynamic compromise, led to the need for more aggressive fluid and pressor support, and with it the need for more invasive hemodynamic monitoring. High PEEP was often accompanied by high minute ventilation in this era of large delivered tidal volumes, and the resultant pulmonary hyperinflation often led to pneumomediastinum, subcutaneous emphysema, and pneumothorax. It was common for patients with ARDS to have chest tubes-sometimes several of them-and bronchopleural air leaks were frequent. A review of 3 years' experience at Harborview Medical Center yielded 39 cases of bronchopleural fistula in mechanically ventilated patients, many of which developed in the course of management of ARDS. 68 In 8 patients the leaks exceeded 500 mL per breath, and all 8 of those patients died. 68 Many of the complications associated with mechanical ventilation appear to have decreased in the era of lungprotective ventilation. Evidence on the incidence of pneumothorax, bronchopleural fistula, and other forms of clin-ical barotrauma in ventilated patients over time is scant, although at centers that manage large numbers of such patients the impression is that it has decreased in recent decades. 69 Given how difficult it is to identify oxygen toxicity in a critically ill patient, it is tempting to question how important a clinical problem it really is. And given the multiplicity of potentially life-threatening complications associated with the things clinicians do to minimize F IO 2 in order to avoid oxygen toxicity-from hemodynamic compromise and the complications of invasive hemodynamic monitoring, to barotrauma, to delayed weaning from ventilatory support while higher levels of PEEP are taperedone might wonder whether it is all worth it. More to the point, it may be that far more injury has been done to patients by the measures well-meaning clinicians have taken to avoid oxygen toxicity than would ever have occurred from the oxygen itself.
On rounds, a generation of medical trainees and respiratory therapists has heard me compare oxygen toxicity in the ICU to the Sasquatch, or Bigfoot, a well-known figure here in the Northwest. That is, as with the Sasquatch, ICU clinicians are well aware of oxygen toxicity-we know what it is supposed to look like, we are afraid of it, and we take special steps to avoid it when we venture into its presumed territory-but it is doubtful whether anyone has ever actually seen it.
The Sasquatch analogy is probably too glib, and, as discussed by Kallet and Matthay elsewhere in this issue, evidence is emerging that high levels of molecular oxygen and reactive oxygen species do injure lung tissue in critically ill patients. 67 In the last 20 years attention has turned from barotrauma, conceptually a purely mechanical problem, to biotrauma. 70 The latter, although initiated by excessive lung stretch and shear forces, is a much more complex process, involving mediators of tissue injury and affecting multiple organs in the body. 67, 70, 71 Fortunately, it appears that the use of low-tidal-volume, lower-pressure, lung-protective ventilation may diminish the threat of further lung injury, whatever its mechanism, in patients with acute respiratory failure.
Summary
Oxygen is as important as any single word that might be applied to respiratory care. Much of what we know today about oxygen's effects in the body and its therapeutic use grew out of insights, discoveries, and innovations by Dr Tom Petty. Dr Petty turned out to be mistaken about the value of corticosteroids in treating ARDS, and his enthusiasm for PEEP led to widespread adoption of ventilation practices that turned out to be injurious to the lungs. However, on most things he was right. He stressed a multidisciplinary approach to patient care based on an understanding of physiology, and emphasized practical bedside instruction of primary care providers in community hospitals and clinics. He understood the importance of collaboration with the inventors and producers of devices used in respiratory care. He saw what was important in COPD and acute respiratory failure, and he pointed the way to much of the progress that has taken place in respiratory care during the last 40 years.
Based on what I learned from Tom Petty, and tempered by my experience and understanding of the field and its literature over the last 40 years, the following seem to me to be key points about oxygen with respect to respiratory care:
• P aO 2 remains the gold standard for assessing arterial oxygenation, although pulse oximetry has proved to be a valuable adjunct with wide application.
• No direct monitor of tissue oxygenation has thus far proven to be reliable and clinically valuable in the routine care of adult patients in the ICU.
• The LTOT patient selection criteria for the NOTT have withstood the test of time and have not been extended or improved upon.
• New devices for portable and ambulatory oxygen therapy offer the potential for substantial patient benefit, if ways can be found to make them affordable and available to the patients who need them.
• Ventilation with judiciously adjusted PEEP, plus lower tidal volumes and pressures than used in previous decades, saves lives in acute lung injury and ARDS.
• The administration of low-flow oxygen to patients with COPD and stable chronic hypoxemia is safe, and its benefits far outweigh its potential adverse effects.
• We still do not know what F IO 2 is "safe" in managing patients with severe hypoxemia with respect to possible oxygen toxicity, although current lung-protective ventilation results in less injurious measures to avoid it.
